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Abstract 
Over recent years a few automobile manufacturers, that ca be OEM (Original Equipment Manufacturer, have migrated or expanded their 
activities to non-traditional regions of Brazil seeking gains in productivity. With this geographic change of the industry, traditional tier one 
suppliers have also relocated or expanded their activities to new sites seeking better results of quality, costs and time. The dependency of tier 
one suppliers in transporting parts and components from distant places may result in unfavorable conditions due to production and logistics 
costs, which lead to non-optimized levels of quality and generally poor business results. This paper proposes a model for development of the 
supply chain in order to increase the competitiveness of potential local suppliers of tier one and OEM companies (tier 2+ suppliers). The model, 
applied to the automotive sector, encompasses the identification of demand, analysis of availability, identification of technological partners, and 
development of business plans. The described model is applicable to any industrial enterprise that seeks to improve quality, costs, and financial 
results while reinforcing the sustainability within a product’s life cycle. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
In the current automotive industry, the majority of 
components and parts come from suppliers that now have new 
responsibilities for the development of products, production 
and logistics, which used to be the work of OEMs (Original 
Equipment Manufacturers). In various countries, assemblers 
(OEMs) have to meet strict regulations that establish a series 
of product tests and validations (assembled vehicles), as well 
as their systems or parts. In the United States, the Federal 
Motor Vehicle Safety Standard (FMVSS) and the regulations 
of the Department of Transport (DOT) are some of the 
standards to be followed. As regulatory demands cover the car 
as a whole, besides the irreversible movement of OEMs to 
focus more on the core competence of the business (design 
and final assembly of vehicle), systemists and remaining 
suppliers of the chain have also had to meet the demands 
foreseen in the standards and regulations, which has required 
high technical qualification and the necessary cost 
competitiveness. This scenario shows the complexity of 
creating and consolidating a whole automotive chain, 
especially in areas that do not have the tradition or that have 
low or medium production volumes, making the local supply 
of various chain items difficult.   
In the case of the state of Bahia, OEMs comprise 36 
systemists, located in the same condominium or inside Ford’s 
Northeast Industrial Complex perimeter. The complex is able 
to produce around 300,000 cars per year, meaning more than 
one car every 80 seconds. 
The installation of an OEM, such as Ford, such as Ford, in 
a place under development has a great impact on the economy, 
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society and environmental conditions of the region as shown 
below: 
x The plant accounts for about 6.5% of the Brazilian 
production of automobiles; exports are approximately 20% 
of the volume produced; 
x The metropolitan area of Salvador  gross domestic product 
has grown on average 5.4 %, from 2002 to 2006, 2.5% 
higher than Brazil’s GDP; 
x 8,500 new direct jobs were created, and an estimated 
100,000 people were benefited, either directly or indirectly, 
from the installation of the car assembler. Housing, health, 
education, safety and infrastructure were improved. It is 
estimated that for each direct job created in the automotive 
industry, another 12 indirect jobs were created;.  
x The environment benefited from reforestation and drainage 
of the area around the complex and in the complex itself. 
Social responsibility projects were installed. 
Besides the plant, Camaçari is home to Ford’s Brazilian 
Project and Design Center, where EcoSport and the new Ka 
were designed, another global car of the company assembled 
on a compact platform, which will be traded worldwide.  
While having an already consolidated plant and design 
center, the new challenge is to develop local suppliers (Tier 2 
+) for the chain. This challenge includes the development of 
capabilities to conceive and supply products within proper 
specifications, quality and cost. A model to support this 
process, the opportunities and challenges of the initiative are 
described in this document. 
2. Relationship between the product development process 
and supply chain development 
A product development process similar to that practiced by 
the OEMs, in general, is shown in Fig. 1. The first stage, pre-
development, is based on the strategic planning of the 
company and defines the strategy of the product. The results 
are a product portfolio and project management. After that, 
during the development stage, teams define product 
specifications, the product concept, design details, and the 
manufacturing process up to the product launch. Finally, the 
company assesses product performance through its quality, 
cost (price and acceptability) and opportunity [1]. 
Based on the Figure above and on several product 
development models [1,2,3,4], gates are decision points where 
the company decides whether they will continue to develop a 
product or not. 
The decision process is based on APQP (Advanced 
Product Quality Planning) that is used as a guide in the 
development process, which is a standard path to share results 
among suppliers and automotive companies. The APQP 
specifies three stages: Development, Industrialization and 
Product Launching. Through these stages, 23 main topics will 
be monitored and must be concluded before the whole 
production is even started. APQP covers aspects such as 
project, robustness, tests and specification compliance, 
production process, inspection of quality standards, 
production capacity, product packaging, product testing and 
operator training plans among other items [5]. 
 
Fig. 1. Product Development Process. Source: [1]. 
During the supply chain development process, suppliers 
seek to improve quality (increase), cost (reduction) and time 
(speed) through efficient use of resources.  
Based on this approach, the model proposed to develop the 
supply chain of the OEMs, with emphasis on local suppliers 
(Tier 2 + Suppliers), is represented in Fig. 2. 
The model comprises the structuring of a team involved in 
the project, characterization of systemists’ demand (Tier 1 
Suppliers), identification of technology partners, selection of 
local companies (Tier 2 + Suppliers), development of business 
plans and implementation of business plans. Implementation 
comprises business consolidation, namely Tier 2 supplier 
delivering components/parts to the systemists and OEM. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Supply Chain Development Process. 
3. Structure of multidisciplinary team 
In the case of the state of Bahia, a structured support team 
was assembled to manage the development of local suppliers 
(Tier 2 +) in the Supply Chain Development Program 
(DeCaS). The main responsibilities of the team comprise: 
x Establishing levels of Quality, Cost and Time (QCT) and 
demand Delivery; 
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x Identifying and selecting local companies that can 
potentially deliver to the automotive chain; 
x Developing the selected companies (local) to deliver as per 
QCT, considering demand requests; 
x Identifying the technology required and potential partner 
and/or companies from other states, or from abroad, with 
equivalent profiles; 
x Developing all business plans with a sustainable supply 
and demand structure; 
x Developing action plans to implement the business plans. 
The structure of the team must include specialists in areas 
such as human resources, product, quality and production 
engineering, project management and financial analysis. The 
managerial team includes Coordination, preferably with the 
state industry association – State Industries Federation, with 
State Government, a consultant connected to the focus county 
of international partners (Germany, in the pilot case of Bahia) 
and a highly experienced consultant in the automotive 
industry.  In Bahia, the team also includes strong connections 
with GIZ (Deutsche Gesellschaft für Internationale 
Zusammenarbeit GmbH), a German Agency for sustainable 
development that acts worldwide, and  IAW (Industrie-und 
Automobilregion Westsachsen e.V.), which is a consortium of 
automotive industries in the Saxony region.  
In order to assist in structuring of the team, as shown in 
Figure (2), QFD (Quality Function Deployment) was used to 
focus on customer needs and on success factors. QFD helps 
organizations to express both needs and to translate them into 
actions and projects, concentrating several functions of the 
business to reach a common goal that enables companies to 
exceed usual expectations, and to provide an unexpected level 
of excitement, which generates value [6]. It was therefore 
possible to better understand: i) the interests of sponsors, 
support organizations and suppliers; ii) the “value” of the 
initiative to customers; iii) how customers and end users get 
interested and happy; iv) how to determine the level of 
expected performance; v) customer connections with 
conceiving, developing, engineering, manufacturing, services 
and functions; and, vi) the potential for a future link to Design 
and Six Sigma (DFSS) regarding the voice of the customer.  
The Vision and Mission of the program were derived from 
QFD, as explained below: 
x Program Vision – To contribute to the acknowledgement 
of the state of Bahia as a technology and product supplier 
to the automotive sector; 
x Program Mission – To create conditions and use best 
practices for the development of human resources, 
technical knowledge, social and environmental 
responsibility, to generate economically feasible 
companies in which sustainability is ensured through 
excellence in quality, cost and delivery to the automotive 
sector through financial health. 
The Balanced Scorecard [7] approach was used to measure 
the performance of the team of the members connected to the 
vision and strategies of the project. The strategic management 
system makes managers focus on the importance of the 
performance of metric indicators that will lead to success.  
The BSC was implemented bearing in mind the perspectives 
described below:  
x Financial Perspectives – measurements that reflect 
financial performance, specifically cash flow, return on 
sales and investment; 
x Customer Perspectives – measurements that have a direct 
impact on customers and their satisfaction, especially 
quality performance ppm, precise delivery, customer 
delivery requirements, participation in new product 
initiatives, new technologies and competitiveness;   
x Process Perspectives – measurements that reflect 
performance of main processes, for example, the time 
spent, number of units that required rework or process cost; 
x Learning and Growth Perspective – measurements that 
describe a learning curve such as implemented suggestions 
and hours spent with members of the team and companies 
that offer training. 
4. Demand identification 
To identify demand, the members of the team signed a 
project confidentiality term and visited OEM systemists (Tier 
1). In the initial phase, the program catalogued Ford demands 
and of their systemists of approximately R$ 82 million in 
supply opportunities.  
To help the process, a virtual catalogue of parts was 
developed and grouped into categories, including extruded 
plastic parts, injected parts, molded parts, fasteners, rubber 
components, metallic and textile parts. Each component was 
identified by name, number, production interest by a company 
from the state, volume of parts per year (and variability/ 
seasonality), engineering specifications, material 
specification, weight, manufacturing process and price. 
5. Selection of local supply companies 
Using a state database, 330 companies were preselected 
according to their performance history and manufacturing 
processes available. The companies were evaluated 
considering their technical capacity and quality of products. 
This information was compared to the main automotive sector 
areas of demand: metal, plastic, rubber among others. In the 
end, 57 companies were selected.  
After this a specific detailed questionnaire was sent to the 
companies to assess points such as: current business, 
production capacity, number of employees, new areas of 
commercial interest, quality systems and product development 
process. At the end of this step, 26 companies were qualified 
to meet project demand. All of them were visited and 11 were 
approved to develop Business Plans.   
Generally speaking, the selection process of the companies 
included technical and non-technical criteria: organizational 
competence, people management capacity, development 
potential, management process, differentiation elements 
versus competitiveness in the quality of products and services 
the company produces, technology used, productive and 
logistics processes, among other criteria. 
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6. Technological transference  
A group of consultants visited 11 companies interested in 
establishing businesses in the state of Bahia in the state of 
Baden Württemberg in Germany. Their motivation included 
increasing income, geographical diversity, and reacting to 
Asian competition in the country of origin. The main 
activities of the companies visited in Germany include: i) 
Tooling to deal with plastic injection, extrusion and molded 
parts, SMC/RTM/RRIM, big aluminum molds, stamping and 
rubber molds; ii) Plastic molds and electro- electronic parts; 
iii) Surface treatment of metals and plastics; iv) precision 
machining; v) metal forming; vi) Logistics; vii) Natural fibers 
and resins; and viii) Composition of rubber and molding.  
Based on the visits, a model was developed for German 
companies considering their products and customer 
sophistication to help select the best strategic position in the 
market to produce, sell and deliver profitable 
products/components. This model is described in Fig. 3. 
Fig. 3. Model developed for German automotive companies. 
To illustrate the model presented, the German company 
can produce state-of-the-art components to meet the needs of 
highly sophisticated customers. In this case, price and cost are 
high and kept by income units that support the use of 
sophisticated technology.  
With the event of Asian competition in the automotive 
sector, German companies are expanding their markets, 
including trading products with partners from countries such 
as Brazil, India, Africa, among others, where fewer 
technological demands are made Therefore, strategic 
processes can be established with Brazilian companies to 
explore technologically complex market niches. 
7. Product life cycle zero base value 
The Zero Base Value (ZBV) approach adopted by FORD 
is a method to help “Tier 2 + Suppliers” to improve their 
competitiveness.  A ZBV is developed for each component 
identified, considering the costs of the product life cycle. The 
ZBV process provides margins that support a business in the 
long run, including growth and modernization, improves 
product quality keeping its attributes, and helps to identify 
residues in the manufacturing process (handling, correction, 
inventory, among others). It is important to highlight that this 
approach follows the rules of Lean Manufacturing. 
The cost of ZBV helps analyze the price of components, 
providing a good understanding of all elements that comprise 
the cost of a product life cycle. This process is seen as a 
compulsory element of the whole strategy, mainly when one 
considers that “Tier 2 + Suppliers” have cost estimate 
procedures that not always allow a real evaluation of the cost 
of the product. In the end, the ZBV process will allow 
potential suppliers to establish a procedure that determines 
competitive prices and resources that will establish long run 
business sustainable margins.  
In estimate and product price accounting, the costs of the 
life cycle are not always visible, particularly those associated 
with installations, distribution and maintenance. It is also 
important to highlight that in many cases factors that generate 
cost to the product are improperly classified. In this case, the 
ZBV process agrees with generally accepted accounting 
practices.  
The ZBV approach can be summed up in the following 
steps: i) to establish a relationship between cost and price ii) 
to make a value chain (identifying costs and waste); iii) to 
decide whether to buy or outsource; iv) to determine logistics 
costs; v) to determine internal manufacturing costs; and, vi) to 
determine internal fixed costs.   
In this process, there is a risk. The supplier identification 
process could be an "auction", resulting in a non-profitable 
solution for potential suppliers. The “auction” could lead the 
potential suppliers to suffer low economic performance levels, 
causing sustainability problems. In this case, the new 
suppliers (Tier 2 +) must be accountable for the continuity of 
the supply to Tier 1 and OEMS, as well as for doing their best 
to improve productivity and enhance quality. 
8. Business plans   
Once the companies were identified (Suppliers Tier 2 +), 
potential suppliers to Tier 1 and OEMs, an evaluation was 
made based on criteria such as quality, cost and time 
(delivery). To do this business plans were made. These 
business plans, as shown in Fig. 4, comprise the main tool to 
develop the companies.  
The output of the business plan is a document that presents 
a "Customized Supply Plan for the Automotive Industry". 
These plans were developed based on: i) characteristics of the 
demand area; ii) selection of German companies that can act 
as a potential local supplier (partner, joint venture, 
shareholder) and necessary technology available; iii) 
548   Leone Peter Correia da Silva Andrade et al. /  Procedia CIRP  41 ( 2016 )  544 – 549 
characteristics of the local company; and, iv) characteristics of 
available customers for each particular business. 
Fig. 4. Business Plan Approach. 
Each plan was developed based on the following ten 
topics:  
x Project title and high-priority area: the area of performance 
is important to avoid deviation, including a purpose 
statement as the vision for the success of the company; 
x Organizational Competence, people training and 
development: to demonstrate that human resources 
management leads to long term sustainability;  
x Project management: to ensure clear steps for the project, 
deadline and delivery gates over time; 
x Demand profile and volumes: the profile of the provider, 
exclusive of the regime, absolute volumes demand, 
planning of volume capacity, seasonality etc.; 
x Differentiation elements versus competition: to identify 
differential elements that make a company (OEM) change 
a current supplier (usually from another region) for a local 
supplier. These factors could be access to technology and 
other global markets among other factors;  
x Partnerships with universities and research institutions: 
these partnerships must be beneficial to both parties, with 
the private sector proposing research themes and projects 
to the academy, the latter providing valuable human 
resources;  
x Quality of products and services, technology used: to 
understand quality, parameters and goals as well as the 
evolution of the processes being used; 
x Production of products and technology used: description of 
the product and of its systems and components, 
technology/processes used and measurable production 
goal; 
x Necessary investment and product cost analysis: cost 
analysis, fixed and variable, with the support of the work 
team to ensure data robustness. Quotations, when 
necessary and estimates to validate them;  
x Financial analysis: to focus mainly on treasury 
management, warranty that it will be done and acceptable 
return to companies, sensitiveness to recession, exchange 
rate, production and quality management as well as global 
competitiveness, including products from abroad.  
The business plans made in the initiative include the 
following business areas: 
x Fasteners and distribution: present in most of the demands 
of potential customers. To complement the business, a 
national or international global player for big volumes 
must be attracted and to focus the development of new 
businesses on unique and more complex parts. A logistics 
solution must be developed to reduce the influence of 
inventory on the management of operational costs;  
x Injected plastic parts: several candidates and partners 
appeared in the project. The concession of the business 
must be focused, mainly, on companies that show technical 
capacity, supply sustainability in the long run for Tier 2 
and partners, that is, capacity to delivery products 
considering QCT criteria;  
x Molds for blown parts: these elements are present in the air 
vent system and engine. Molds for blown parts are 
available in Bahia, but technology needs to be acquired for 
more complex  components, such as ventilation ducts;   
x Rubber parts have to be looked for, excluding extrusion 
and weather strips, already found in the region. A company 
that supplies the oil industry may be able to deliver more 
simple rubber demands. It was decided that it was 
important to look for a German partner to support items of 
more technological content;    
x Small and medium tooling shops: there are just a few 
tooling shops available in the region. The main task is to 
train tooling professionals as there are not enough to meet 
demand. As for human resources, SENAI can fill this gap 
by developing apprentices. At first, the plan is to bring 
retired professionals experienced in tooling from other 
regions.  
After the conclusion of each business plan, it was assessed 
and approved by the people taking part in it. 
 
9. Support of technology institutions for the supply chain 
development process  
A study carried out with companies (potential local 
suppliers) examined the type of needs observed during the 
execution of individual business plans. Fig. 5 shows the main 
needs of the companies. As can be seen, these problems 
comprise standardization aspects (ISO and TS) and product 
engineering. ISO 9001 is a set of technical standards that 
establishes a quality management model for an organization 
in general. ISO TS 16949 is an ISO Technical Specification 
that aligns to US, German, French and Italian automotive 
quality systems standards existing within the global 
automotive industry. The standard specifies the quality system 
requirements for the design / development, production, 
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installation and maintenance of automotive products (Martins 
& Alt, 2009). 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Needs of companies researched (potential local suppliers). 
To satisfy the needs identified it is essential to involve 
Science, Technology and Innovation institutions in the 
densification program for the automotive chain to structure 
and operate a wide package of deliveries and technical 
support to companies. To do that, these institutions must have 
or implant a support model for strategic decision making that 
allows continuous improvement of its internal support 
environment for industrial innovation. 
This support model must have certain dimensions as 
below: 
x Human Resources Management – to supply resources for 
improvement to permanently keep professionals trained 
and updated in the application of effective techniques and 
innovations, considering the singular reality of each 
product;  
x Financial Resources Management – the vision of the 
business must regard the greatest financial sustainability 
scope, investing resources in the business for the 
development of new strategic actions; 
x Physical Resources Management – to develop strategies to 
acquire, install and maintain equipment. This is necessary 
because much of the equipment is expensive.   
Nowadays, a new dimension is becoming important for all 
companies involved in the business. It involves aspects related 
to Business Innovation Management. Accordingly, an 
innovation management process must be structured for 
companies, which comprises the determination and 
monitoring of performance indicators of technical, financial, 
human, structural and relational aspects; and of indicators that 
evaluate the degree of interaction and effective integration 
among companies that promote continuous optimization of 
processes and products to create an environment or ecosystem 
more favorable to innovation. 
10. Conclusion 
The application of a pilot study of the approach presented 
indicated that companies that act in distinct segments of that 
of OEMs and systemists (Tier 1) have great difficulty meeting 
high quality, cost and time (delivery) standards. In some 
cases, the potential suppliers presented the cost specified by 
the OEMs or systemists. In others, they had difficulty 
delivering products according to the time specification (for 
example, six times a day to a systemist with Kanban – low 
stock and high turnover). 
One of the greatest challenges to the initiative concerns the 
aspects of the business strategy. In many cases, potential 
suppliers prefer to produce small quantities of a product with 
high profits instead of producing higher quantities with 
smaller margins, even when final net sales are higher. 
The model described proved be applied to any industrial 
initiative that aims to improve quality, cost, delivery, financial 
results, strengthening social and environmental sustainability 
throughout the product life cycle, with the following benefits: 
x Development, tests and validation of a method to 
implement improvements in the value chain. 
x Growth of gross domestic product, social development, 
environmental sustainability and regionalization of 
technology. 
x Abolishing the identification of suppliers using the 
"auction" method. 
x Increasing local companies competitiveness and 
improvement of product quality, even if not supplying to 
OEMs and systemists. 
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